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In a previous paper, 1 it was shown that continuous exposure to neon 
light, or living in an environment  from which all light was  excluded 
produced definite and characteristic  effects on the growth and nutri- 
tion of normal rabbits when compared with control animals  living in 
the laboratory and receiving diffuse, filtered  sunlight. 
The influence of the 3 types of light environment on these animals 
was tested in still other ways.  Parallel observations were made on 
the calcium and inorganic phosphorus content of the blood, and in the 
course of these investigations,  it was noted that when the ears were 
shaved for bleeding, there was a  striking  difference in the growth of 
hair from one bleeding to the next.  This difference in the growth of 
hair appeared to offer a satisfactory basis for a simple test of functional 
activity in the three groups of animals.  At the time these experiments 
were in progress,  Stevens was conducting  a  series of experiments  in 
another laboratory of this Institute on the action of ultra-violet light 
and  other  agents  on the  growth of hair  in  rabbits,  and  the  results 
obtained by him encouraged us to use the growth of hair over shaved 
areas as an index of cellular activity.  The purpose of this paper is to 
report the results of the tests made. 
In presenting these results, we wish to make it clear that it is not the 
•  purpose of this paper to discuss effects of light or of any other agent 
on the growth of hair as a problem in itself but merely to present the 
results of a series of experiments in which the growth of hair was used 
as an index of the proliferative activity of a particular group of cells. 
t Brown, W. H., J. Exp. Med., !928, xlvlii, 31. 
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Material  and Methods. 
The animals used for the experiments to be reported were the same as those used 
for the study of the influence of light on growth and nutrition, x so that  a  detailed 
statement of the general condition of the experiments need not be repeated. 
The procedure employedintesting the proliferative activity of follicular cells was 
to compare the rate and extent of the growth of hair over a  shaved  area of the 
skin of rabbits that had been living in a given light environment for a  long period 
of time.  The conditions compared were continuous exposure to neon light, complete 
darkness, and a variable environment of diffuse,  filtered sunlight,  The tests were 
made as follows: the hair on one side was clipped and shaved over an area measuring 
approximately 8  ×  5 cm.  Care was taken to avoid trauma  of any kind and  to 
maintain uniformity in the location of the areas shaved and in the shaving itself. 
The animals were examined at brief intervals throughout the experiments, first, 
for evidence of  trauma,  or of  a  traumatic reaction,  and then for the purpose of 
determining the time at which growth of hair  could be detected and the rate  and 
extent of the growth that occurred until restoration was complete.  The observa- 
tions made on the growth of hair on the trunk were supplemented by observations 
of the same kind on one ear.  In this case, a narrow band was shaved from the base 
to the tip of the ear along the course of the central vessels. 
Three groups of 15 rabbits each were used for the tests.  In each ease there were 5 
animals exposed to neon light, 5 in the dark, and 5 served as controls.  Group  I 
was composed of white rabbits, Group II of black, and Group III of gray, brown, and 
black animals.  One experiment was carried out in midwinter when, normally, the 
proliferative activity of hair follicles  is comparatively slight,  and another at the 
time of the spring moult. 
The animals of Group III were used for the first experiment.  They were shaved 
December 29, 1926.  At that time, they had been living in their respective environ- 
ments for approximately 3 months.  Observations were made under existing en- 
vironmental conditions for 6 weeks.  The light and dark groups were then inter- 
changed and observations continued for 12 weeks after which the animals  were 
restored to their original environments for an additional period of 4 weeks, giving a 
total observation period of 23 weeks (December 29, 1926, to June 8, 1927). 
The animals of Groups I  and II were used for the second experiment.  They 
were shaved April 8,  1927 which was approximately 5½ months after they were 
placed in their experimental quarters  (October 22, 1926,  to April 8, 1927).  The 
records of hair growth cover a period of 40 days. 
RESULTS. 
The results obtained for the growth of hair on the side are presented 
graphically in Figs.  1 and 2. 
The rectangular areas in these charts represent the shaved area; the proliferation 
of follicles  and growth of hair are shown by the shading.  A clear rectangle means WADE  I:L  BROWN  59 
no reaction; line shading in one direction indicates proliferation of hair follicles  with 
a short or thin growth of hair; cross-hatching a fairly long or thick growth of hair, 
while solid  black  indicates  complete  restoration over the area thus marked. 
The results obtained for the growth of hair on the ears are not presented as they 
were essentiany the same as those for the trunk.  The only difference noted was a 
somewhat more rapid growth of hair on the ears which may have been influenced 
to some extent by the occasional use of xylol in bleeding or by trauma.  Neither 
of these factors affected the results for the trunk. 
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DISCUSSION  AND  CONCLUSIONS. 
The difference in the response shown by animals living under differ- 
ent environmental conditions is very striking (Figs. 1 and  2).  Within 
5 to 10 days, 9 of the 15 rabbits that received neon light showed active 
proliferation of hair follicles with a  definite outgrowth of hair, while 
among those in the dark there were none, and there were only 2 of the 
controls that gave any evidence of a reaction, and one of these  (No. 
5, Fig.  1) was not a  true reaction.  The narrow line of proliferating 
follicles seen in this animal was present at the time of shaving and did 
not increase thereafter; on the contrary, it diminished, indicating that 
the condition was merely an irregularity in the growth of hair such 
as is frequently seen among rabbits living in the laboratory.  Differ- 
ences of the order of those displayed by the three groups of animals 
during  the  first  2  weeks  were  maintained  until  the  end  of  the 
experiments. 
Comparing the results for the 2 experiments, it will be seen that 
among the animals living in an environment of neon light, the reaction 
was not quite as prompt in the first experiment (midwinter) as in the 
second (spring moult).  In the second experiment, all animals showed 
an active growth of hair within 2 weeks, while in the first experiment, 
2 of the 5 animals showed no reaction ata  corresponding time and in 
one of these the growth of hair did not begin until towards the  end 
of the 4th week.  The end result was, however, essentially the same, 
but at the end of 6 weeks, restoration was more nearly complete in 
the first than in the second experiment. 
Among control animals and those living in the dark, the differences 
between the  2  experiments were greater.  None  of the  15  control 
animals showed complete restoration of hair over the shaved area.  In 
the first experiment, there was a fairly good growth of hair in 1 animal, 
but at the end of 23 weeks, this was still irregularly distributed.  In 
the second experiment, the reaction was much more prompt and at 
the end of 3 weeks, 7 of the 9 animals showed a  definite reaction as 
compared with none in the first, while at the end of 6 weeks, irregular 
patches of long hair were present in 4 of the 9 rabbits of the  second 
experiment and none of the first. 
A comparison of the results obtained for animals in the  dark must 
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were transferred from darkness to  an environment of  neon light  6 
weeks after they were shaved and remained in this environment for 
12  weeks.  The reverse change of environmental conditions did not 
affect the results for the light group, as the restoration of hair was 
virtually complete when the transfer was made.  In the case of the 
dark group, however, there was a definite growth of hair in only one 
animal at the end of the first 6 weeks (a black rabbit); the skin of the 
others was as smooth and devoid of any evidence of reaction as though 
the hair had just been removed by some depilatory reagent.  This 
condition was not changed in the slightest degree for 6 or 7 weeks. 
Scattered patches of proliferating follicles then appeared and gradually 
the hair began to grow; growth was not appreciably disturbed when 
the animals were again returned to the dark, so that at the end of the 
experiment, all of them showed a good growth of hair over practically 
the entire shaved area, but only 1 of them a  complete restoration. 
This result is especially important in comparison with the controls 
which showed a more active growth of hair during the first half of the 
experiment, but far less during the second half.  Furthermore, begin- 
ning at about the 16th week, or 10 weeks after they were placed in the 
light, the growth of hair in the dark group was almost equal to that 
of the light group during the first 6 weeks of the experiment.  This is 
also significant as it shows that the initial inactivity of the hair folli- 
cles of these animals was slowly abolished and replaced by a  highly 
active condition.  It is also of interest to note that the time required 
for the  development of this  condition in  the  skin  is  in fairly close 
agreement with the results obtained for the establishment of a definite 
increase in the rate of gain in weight.' 
The results for the second experiment on animals living in the dark 
agree with those for the first in showing an initial state of comparative 
inactivity.  The reaction,  was  however, much more prompt  in the 
second than in the first experiment, and by the end of 6 weeks there 
were only 4 of the 10 rabbits,that showed no reaction, while there were 
2 animals in which the restoration of hair was complete over the greater 
part of the shaved area.  In this experiment, the proliferation of hair 
follicles and the growth of new hair among the animals in the dark was 
almost equal to  that of the controls, but  still  far less than that of 
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From a comparison of all results for the first and second experiments, 
it is evident that, irrespective of environmental conditions, there was 
a  distinct difference in the promptness and constancy of the reaction 
displayed in the  two  cases.  The  difference between the  two  light 
groups was least as these animals, with  few exceptions,  showed  an 
almost immediate response; the difference was greater between  the 
two groups of controls with respect to the time, the constancy,  and 
extent of the reaction, and still greater in the case of animals living in 
the dark.  It is evident, therefore,  that while complete exclusion of 
light may depress the proliferative activity of the follicle cells to  a 
certain extent and exposure to neon light may increase their activity, 
in neither case is the effect such as to prevent or completely obscure 
the normal tendency  to the occurrence of periods of heightened activity 
as at the time of moulting. 
A further point of interest concerns the behavior of white as com- 
pared with black animals.  It  is  not certain that  a  clearly  defined 
difference in the reaction of the two classes of animals can be estab- 
lished,  but there  are suggestive differences.  In the first place,  the 
records show that in the light group of the second experiment (Fig. 2) 
the black rabbits reacted more promptly than the whites.  This was 
true also  for control,  and probably for dark animals.  At the  con- 
clusion of the experiment, however, restoration of hair over the shaved 
area was further advanced in the white than the black rabbits of the 
light group, while among the controls the situation was reversed with 
no decided difference in the dark group. 
These differences are apparently slight and might be  disregarded 
were it not for the fact that they agree absolutely with the  results 
obtained for increase in body weight, and hence suggest that the two 
groups  of functional reactions  have  a  common basis  which,  in  all 
probability, is to be found in an effect produced by the light environ- 
ment on metabolic processes.  This  conclusion gains additional sup- 
port from the parallelism between the effects produced on the growth 
of hair and the gain in weight of animals that were transferred from a 
dark to a light environment, as noted above.  It is not to be inferred, 
however, that gain in weight and growth of hair are regarded as proc- 
esses that are necessarily related, for, as was pointed out in a previous 
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Summarizing the results of the experiments, it may be said that  it 
was  found that  rabbits  that  had  been living in  an  environment  of 
neon light for a period of 3 months or more showed active proliferation 
of hair follicles and virtually complete restoration of hair over shaved 
areas within 5 to 8 weeks, while among animals living in the dark for 
the same length of time, or among controls receiving diffuse, filtered 
sunlight, the reaction was greatly delayed and, in the end, was irregu- 
lar  and incomplete.  The growth of hair was, however, more active 
in  all classes  of  animals  during  the  spring  than  during  the  winter 
months, and there appeared to be a difference in the behavior of white 
and black animals. 
It was also found that the skin of animals that were totally inactive 
after a prolonged existence in the dark became active after exposure 
to neon light for a period of 8 to 10 weeks. 
As the results of these simple tests of the proliferative activity of the 
cells of hair  follicles agree  in every respect with those obtained  for 
increase in body weight of the same animals,  it is reasonably certain 
that  the  two sets of results  have  the  same significance.  Taken  to- 
gether,  they show conclusively that  conditions of light  environment 
may have a profound influence on the animal organism  (rabbit)  and 
it is highly probable that an influence of some kind is exerted, irrespec- 
tive of the wave-length or energy equivalent of the light concerned. 
SUM-~ARY. 
In a series of experiments dealing with the influence of light environ- 
ment on normal  rabbits,  the  growth of hair  over shaved  areas  was 
used as  an  index  of functional  activity.  The  conditions  compared 
were exposure to neon light, complete exclusion of light, and exposure 
to diffuse, filtered sunlight  of varying intensity. 
It was found that prolonged existence under these conditions affected 
the proliferative activity of hair follicles in a manner and to an extent 
comparable  with  the  effects  produced  by the  same  environmental 
conditions on the growth and nutrition of  the animals  themselves. 